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Introduction INFN
A
Spallation Neutron sources

model

In most applications it is important to know the

< Py .
Intra-Nuclear Cascad® . neutron flux, and its dependence on energy,
_\pEeomtion spatial beam profile, the contamination of
2 (@

charged particles and gamma-rays in the beam,
and related background.

% \ g5 iy’ In time-of-flight facilities it is of crucial
; ; ~~ o importance to know the so-called response

Y' Pission products function (the time distribution of neutrons

Neutron time-of-flight facilities emerging from the target with a given energy).
Facility Ref. Type Particle Energy Target Pulse width Frequency Flight path length

(MeV) (ns) (Hz) (m)

GELINA [37] e 80 - 140 8] 1 40-800 10-400
KURRI ( short pulse) (38] e 20 - 46 Ta 2, 5, 10, 22, 33, 47, 68, 100 1 - 300 10, 13, 24
KURRI ( long pulse) e 7-32 Ta 100 - 4000 1-100 10, 13, 24
nELBE [35] e~ 40 Pb 0.01 500000 4
ORELA [34] e 140 Ta 2-30 1 - 1000 10 - 200
POHANG [39] e 75 Ta 2000 12 11
RPI [40] e 60 Ta 7 - 5000 500 10 - 250
J-PARC/MLF - ANNRI [41, 42 p 3000 Hg 600 25 21, 28
LANSCE - MLNSC 43, 44 p 800 W 135 20 7 - 60
LANSCE - WNR [43, 44] p 800 W 0.2 13900 8.7
n_TOF [45] P

20000 Pb 6 0.4 18 \/\
nTOF
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Introduction INFN
(T e
nTOF

Exporimental Area n_TOF is a neutron spallation
| source based on 20 GeV/c protons
from the CERN PS hitting a Pb
block (~360 neutrons per proton).
Experimental area at 200 m.

Beam dump 4 detectors neutrons

samples

CERN
accelerator
complex

il

Neutron flux 10% n/cm?/pulse

200 \

Neutron source ;;o(taonvt/)eam
eVic
Neutron beam Lead

10"_| spallation%
angle farget |

Neutron energy 30 meV -1 GeV
Energy resolution DE/E ~ 10#
Repetition rate ~0.8 Hz

LINAC
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Geometry INFN
A

n_TOF neutron-
producing target

GEOMETRY: spallation target,
coolant and moderator systems

separated, the support structures
and the concrete pit in which it is
mounted.

2 SCORING PLANES: towards
EAR1 and EAR2 (at the entrance of PROTO
the beam pipe). BEAM

MODERATOR: borated water is
made with 4.2% in weight of H;BO,,
with a 9B enrichment of 90%.

Y

]iz |on\F
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Geometry INFN

Istituto Nazionale
di Fisica Nucleare
Proton % ,
Beam . i
y " \
X

Zz
FRONT part: the proton entrance window is a cylinder, made of an aluminum alloy, known as
AW5083, made of 93.35% Al, 4.5% Mg and 7 other elements from Si to Zn. The main part, with

outer and inner radius of 35 cm and 20 cm respectively, and a length of 10 cm, contains cooling
water.

TARGET part: spallation volume, made of Pb, surrounded by a layer of water, all in serted in the
aluminum alloy container. The Pb block is a cylinder 30 cm in radius and 40 cm in length. It is
made of a lead alloy with 99.974% Pb and traces of 37 chemical elements ranging from Li to U.

END part: 4 cm thick layer of borated water (moderator for EAR1)which contains
4.2 weight% of H;BO, and enrichment of 95%, enclosed between two Al sheets 3 mm thickness,

reinforced by an internal grid. | J\
nTOF

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




Phvsi LISt IN?[?
SICS LIS
y A

Geant4 10.01 version (December 2014): FTFP_INCLXX_HP Physics List:

* Inelastic interaction of high-energy protons: the Fritiof model is used in Geant4
FTFP for simulation of the following interactions: hadron-nucleus at P,,, > 3 - 4
GeV/c, nucleus-nucleus at P,,, > 2 - 3 GeV/c/nucleon, antibaryon-nucleus at all
energies, and antinucleus-nucleus.

* Intra-nuclear cascade: the Liege Intranuclear Cascade model INCL++ is suitable
for the simulation of spallation reactions or light-ion-induced reactions, for
reactions induced by nucleons with P, < 3 GeV/c.

De-excitation: we have tried both the default G4ExcitationHandler model of
INCL++ and ABLA model that was recognized as one of the best de-excitation

model by the IAEA Benchmark of Spallation Models. We have also tried different
Physics List (QGSP, BERT, BIC ...)

HP: the NeutronHP model (E <20 MeV) simulates all reactions induced by neutrons
using evaluated data libraries (G4NDL).
o
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MC and resampling wN

n_TOF beam line

Spallation Sweeping Beam
target Shielding Filter First Shielding magnet Second Experimental dump
station collimator collimator o ar€a_

70.2 1349 1349 1367 178.0 182,83 190.2 200

| e
ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



)

MC and resampling wN

n_TOF beam line

Sweepin Beam
Shielding Fiter  First Shielding “y =P Second Experimental o

station collimator collimator «area

/

Spallation
target

|
[
035 702 1349 1349 1367

R=5,5cm R=0,9 cm

5x106 protons = 1 neutron
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MC and resampling wN

n_TOF beam line

Spallation Sweeping Beam
Shielding Filter  First Shielding . gnet Second Experimental dump
station collimator collimator < area

s

: | | | | i |
0 035 702 1349 1349 136.7 1454 178.0 182,83 190.2 200
Y
J R=5,5 cm R=0,9 cm
40
30r
20-
£ 5x108 protons - 1 neutron
>

1/2 week CPUs = 106 protons !!!

20

-30F

F b b i i b i
%0730 20 10 0 10 20 30 40 \/\
X (cm) nTOF
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MC and resam
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Scoring plane at target,

EAR1

40¢

pling INFN

307
events with0<10°and 3°, propagated to -

.30}

40t

o }

I NS R NS NS N NN R
40 -30 20 10 0 10 20 30 40

X (cm)

| on\F
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Scoring plane at target
events with0<10°and 3°, propagated to
EAR1

MC and resampling INFN
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MC and resampling INFN
(L e
1st collimator

target neutrons R=5.5cm 2nd collimator

e R=09cm
protons S T

—_— N [T e R EAR1

| 2" collimator
------- 1 18t collimator R=0.9cm

R=55cm

0<3° D T S > € R > D R L >
177.55 m

| on\F
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MC and resampling

)

protons

#

@’ <0.128°

TARGET

h1

Entries 1781

neutrons

1st collimator
R=5.5cm 2 collimator

— R=0.9cm

12nd collimator

1st collimator R=09cm
R=55cm

1st Coll - entrance

1st Coll - exit 2nd Coll - entrance

-

INFN

Istituto Nazionale
di Fisica Nucleare

2nd Coll - exit

Entries 264163
Mean x -0.05049
Meany -3.163
RMSx  9.247
RMSy 9431
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Entries 220633

Mean x -0.04717
Meany  -3.07
RMSx 8701
RMSy  8.887
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FLUX after Resampling - Simulation arbitrarily scaled ~20%
T IIIIII| T IIII]I| T T IIIIII| T T [IIIII| T IIIIIII T IIIIIII T IIIIII| [T TTTIT ,~A I IIIIII| T T IIIIIII T TTTT
g 5 I ‘l-.‘ i ]
Z w10 - - Evaluated flux ¥ -
TlE L . :
'© [ —— GEANT4 at EAR1 -
° i Vi ]
) B : i
S !
o i
5 i
o
S 10° ¥ =
s r 4 -
5 o L 7
) - _
prd .
| H IIIIIII |1 IIII]I| 1| IIIIII| 1| [IIlIIl [ lIIIIII 1 1 IIIIIII |1 IIlIII| | 1 I[IIII| 1| IlIlIll 1| IIIIII| 11111
102 10" 1 10 N1o2 10° 10 1o5v 10° 10" 10° 10°
eutron energy (eV) | on\F

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



= |t / m
eSUlIlS -~
A

FLUX after Resampling - Simulation arbitrarily scaled ~20%
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Resolution function, impact on resonances

- —— Thermal energy - — Tgr(ranval energy
0.025 — 156V c izl — I

S —— 1-25keV S10%E — 125key
E= C — 1-25MeV 5 F
(&) ] C
= 0.02 g |
0,015 510°:
o015 I
5 5
Ke) 0.01j 8 10_4 B
(7] = ()] =
ek o -
0C0.005" i

OE\ p - A e | [ 105— L |0|2| I |0|4| | |0|6. 08 ]

01 02 03 04 05 06 07 08 09 1 - : : :

Equivalent distance (m) Equivalent distance (m)

/ A= /Vtmod\

Equivalent
distance Velocity at the

: target assembly
scoring plane | J\
NTOF
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Time spent by the
neutron inside the
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Resolution function, impact on resonances

—— "*"Au(n, ) , The stochastic process of moderation
:ﬁf’;ﬁ““ ANNA inside the neutron-producing target
causes a broadening of the energy
distribution of neutrons reaching the
experimental area at a given TOF.

—
<

Capture yield

107
sl i
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Beam Profile

] at185.2 m
o0 | Gaussian beam profile
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FLUX after Resampling - Simulation arbitrarily scaled ~20%
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Results — EARZ2 INFN
A

. . . | 197
Resolution function, impact on resonances - _197A3§2; B at EAR-1
08 9Au(n, y) at EAR-2
C o L ﬂ
1 Q0 -
10 & —— Thermal energy > 06—
c = — 1-5eV o B
S r —— 1-25keV = -
&) K — 1-2.5 MeV QS 04—
- g
= 1024 o T
O E 0.2j
5 r C
8 ‘3 .’ O—l— T T T T 1 T T T T ‘v T T T T I T T T 1 1 | 1 L Il
2107 , | “ 20 30 40 50 60 70 80
F Il l
E ”ﬂul* '“ “ II " Neutron energy (eV)
i G L il
0.2 0.4 0.6 0.8 1 1.2 0.251- — AU, 7)
Equi . edr — "Au(n, y) at EAR-1
quivalent distance (m) - 7Au(n. y) at EAR-2
0.2H
- 'o ,
i — AU RS
B —_— u(n, al - = L
C —197ﬁu(n. % at EAR-2 > 0.15H
- 08 o B
© [ =2 C
o 06 S 0.1
3 F & C
S o4 0.05/+
O r <
0.2__ 01_ 1 1 1 1 Il L ‘ L 1 1 1 1 1 1 1 L L Il 1
- 600 620 640 660 680 700 790
Loovw o b b b by b v v v as
"3 35 4 45 5 55 6 65 7 Neutron energy (eV)
Neutron energy (eV) I nTOF

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




INFN

Results — EAR2 N

Beam Profile
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at19.2 m
e0%0 ~ Gaussian beam profile
50003 Profil
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Resampling INFN
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Resampling INFN
A
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Probability

quivalent distanc
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Results — EAR1 INFN
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Resolution function, comparison with FLUKA

Probability

— FLUKA - EAR1
— GEANT4 - EAR1
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